D iabetes has become a major global public health burden. It has been estimated that the number of people with diabetes worldwide was 285 million in 2010 and will increase to 439 million in 2030, with the majority of increase (69%) occurring in developing countries (1) . The estimated number of individuals with diabetes in Asia was 113 million in 2010 and will increase to 180 million in 2030 (2) . The increase has been the result of the rise in obesity as a consequence of changes in lifestyle toward urbanization, with high energy intake and low physical activity following the rapid economic growth and urbanization in this region (2) .
In Thailand, a low-middle income country, diabetes has been a major cause of morbidity and mortality in the past decade (3) . Diabetes alone is responsible for 3.3 and 8.3% of total deaths in Thai men and women, respectively (3) . A high prevalence rate of diabetes in Thailand makes it among the top ten in Asia (2) . In 2004, the National Health Examination Survey (NHES) III reported a prevalence of 6.7% in adults aged $15 years, of whom 53.3% went undiagnosed. The prevalence of impaired fasting glucose (IFG) is 12.5% (4) . Undiagnosed diabetes increases the risk of complications as a result of being untreated, and about 40% of those treated have their fasting plasma glucose (FPG) under control (,7.8 mmol/L) (4) .
To monitor the diabetes situation, the fourth NHES was conducted in 2009. This study aimed to determine the prevalence of IFG, diabetes, and associated metabolic risk factors in Thai adults aged $20 years and older in 2009. Among individuals with diabetes, we also examined the extent of changes in proportions of metabolic risk factors and lack of diagnosis, treatment, and control for high blood glucose, high blood pressure, and high total cholesterol between the years 2004 and 2009.
RESEARCH DESIGN AND
METHODSdThe fourth Thai NHES (NHES IV) 2009 was a nationally representative cross-sectional survey using a multistage, stratified sampling of the Thai population. The survey was approved by the Ethical Review Committee for Research in Human Subjects, Ministry of Public Health. The multistage sampling frame was based on the population registers. For all regions, with the exception of Bangkok, the first stage was a random sample of five provinces in each of the four regions. At the second stage, three to five districts were selected, proportional to size (PPS), from each province. For the third step, in each province, 13-14 electoral units (EU) and villages were selected by the PPS method from urban and rural areas, respectively, which amounted to a total of 68 EU and 68 villages in each region. At the final stage, for each electoral unit per village, 8-10 men and women were selected by systematic random sampling from population registers from each of four broad age and sex groups (men and women aged 15-59 or $60 years). In Bangkok, 12 districts were randomly selected by PPS, and 5 to 6 EU were selected by PPS from each district. A total of 68 EU in Bangkok were selected. The method in the final stage was similar to those used in other regions. The final sample size was targeted at 21,960 individuals, and the final sample collected was 20,450 individuals (93.1%). In the current study, we excluded those aged ,20 years from the analysis, leaving a total of 18,629 individuals aged $20 years in the study. The response rates for men and women aged $20 years were 85.5 and 95.4%, respectively, and 87.8% for urban and 93.7% for rural areas. NHES III, with a similar sampling approach to that of NHES IV, has been described in detail elsewhere (4) . Initially, a total of 36 provinces were randomly selected. Then, 9 EU or villages were randomly selected by PPS. Finally, 15 people were selected from each of the four broad groups of male or female sex and 15-59 or $60 years of age. The current study included a total of 35,846 individuals aged $20 years in the analysis, with a response rate of 92.9% for this age-group.
Data collection and measurement
Questions on previously diagnosed diabetes, hypertension and high total cholesterol, and medication were asked. Weight, height, and waist circumference were measured by a standardized procedure (5). Participants were asked to fast 12 h overnight before the venous blood was obtained the next morning. Plasma glucose was measured at the provincial laboratory using a hexokinase enzyme method with standardized technique. All the provincial laboratories were standardized by a central laboratory of the Ministry of Public Health. Serum samples were frozen and transferred to a central laboratory in Ramathibodi Hospital, Mahidol University. Total serum cholesterol, HDL cholesterol, and triglyceride were measured using enzymatic colorimetric methods. LDL cholesterol was calculated based on the Friedewald formula for those with triglyceride ,4.5 mmol/L and was directly measured by enzymatic method for those with triglyceride $4.5 mmol/L. Of note, in the 2004 survey only total cholesterol was measured. Blood pressure measurement was made by using standardized automatic blood pressure monitor model A100 (6) . Each participant was seated for at least 5 min before the first reading of three serial measurements of blood pressure in a sitting position at 1 min apart (7).
Definition
Diagnosed diabetes was defined as a previous diagnosis of diabetes by a physician and intake of hypoglycemic drugs during the past 2 weeks. Undiagnosed diabetes was defined as FPG $7.0 mmol/L but a lack of previous diagnosis. IFG was defined as a FPG of 5.6 to ,7.0 mmol/L (8). Hypertension was defined as systolic blood pressure (SBP) $140 mmHg, diastolic blood pressure (DBP) $90 mmHg, or use of blood pressure-lowering medication. High total cholesterol was defined as total serum cholesterol $5.2 mmol/L or use of cholesterol-lowering medication in the past 2 weeks. Individuals with diabetes were also categorized into four groups as follows: "undiagnosed," "diagnosed but not treated," "treated but not controlled," and "treated and controlled." Diabetes that was considered "treated and controlled" referred to treatment with glucose-lowering medication and FPG ,7.2 mmol/L. Controlled high blood pressure referred to SBP/DBP ,130/80 mmHg, and controlled total cholesterol referred to total cholesterol ,5.2 mmol/L.
Statistical methods
Analysis was restricted to participants who had fasted .12 h before blood collection (90.1% of participants). All analyses were weighted to take into account the probability of sampling of the 2008 Thai population aged $20 years. Prevalence of diabetes was estimated for the whole population together with subgroups according to age-group, sex, and urban/rural location. Data from the 2004 NHES were obtained from the National Health Examination Office, Thailand. All comparisons by sex and year of surveys (2004 and 2009) were age and sex standardized to the national population in 2004. Among individuals with diabetes and concomitant hypertension or high total cholesterol, the proportions of undiagnosed, untreated, "treated but not controlled," and "treated and controlled" for each concomitant were calculated. Adjusted Wald tests were used to examine the difference, with P , 0.05 considered statistically significant. Robust methods of variance estimation were used to take into account the complex survey design using STATA 10.1.
RESULTSdAge-adjusted prevalence of IFG, undiagnosed diabetes, and diagnosed diabetes in individuals aged $20 years was 10.6, 2.3, and 5.2%, respectively. The prevalence of IFG and undiagnosed diabetes increased with age and peaked at age $75 years and 55-64 years, respectively ( Fig. 1A and B) . The ageadjusted prevalence of IFG was significantly higher in men compared with women (12.0 vs. 9.5%, respectively; P , 0.01). The age-adjusted prevalence of all diabetes was 7.5% and was significantly higher in women than in men (8.3 vs. 6.6%; P , 0.01). A proportion of diabetes that was undiagnosed was significantly higher in men than in women (47.3 vs. 23.4%, respectively; P , 0.001). Total prevalence of diabetes was higher in urban residents than their counterpart in rural area for both sexes (P , 0.001 for both men and women). There were differences in the proportion of diabetes undiagnosed by area of residence (urban/rural) in men and women. For men, the proportion of diabetes that was undiagnosed was higher in rural than in urban areas (52.8 vs. 29.1%, respectively; P , 0.05). However, for women the proportions were in the opposite direction but not significantly different (20.6 vs. 25.2%, respectively; P = 0.11) (Fig. 1C) . Table 1 shows characteristics and metabolic risk factors of men and women by diabetes status. Mean age was highest in the diagnosed diabetes group in both sexes, whereas mean FPG was highest in the undiagnosed group in women. In men, the mean BMI, waist circumference, and SBP were significantly highest and HDL cholesterol was lowest in the diagnosed diabetes group, whereas triglyceride and prevalence of smoking were highest in the undiagnosed diabetes group. In women, BMI, waist circumference, SBP, and triglyceride in undiagnosed diabetes were as high as in the diagnosed group, with the highest level of total cholesterol in the undiagnosed group. There were differences in educational levels; proportions of individuals Diagnosis of diabetes and treatment and control of blood glucose, blood pressure, and cholesterol in individuals with diabetes Table 3 shows percentages of individuals with diabetes and concomitant hypertension or hypercholesterolemia that was diagnosed, treated, and controlled. CONCLUSIONSdBased on this study, 7.5% of Thai adults aged $20 years, an estimated 3.2 million people, had diabetes, of whom one-third was undiagnosed. Higher prevalence of diabetes was found in women, older individuals, and urban areas; however, undiagnosed diabetes as a proportion of all diabetes was higher in men and in those with less than a secondary school education. Compared with that in the previous study in 2004, the prevalence of total diabetes in 2009 increased slightly and diabetic subjects were more likely to be abdominally obese and have higher total cholesterol, particularly women. The proportion of individuals with diabetes that was diagnosed, treated, and controlled for blood glucose, blood pressure, and serum cholesterol improved in 2009; however, the proportion remained substantially low. IFG and diabetes prevalence in this study are likely to remain underestimated, given that the diagnosis relied only on a single instance of FPG, history of physician diagnosis, and information on medication (9, 10) . A study of diabetes prevalence in the U.S. revealed that a 2-h glucose tolerance test could identify approximately twice the amount of undiagnosed diabetes prevalence than that detected by the FPG test (9) . The prevalence found in this study was relatively comparable with that in other countries such as Sri Lanka, Malaysia, Hong Kong, Korea, China, and Japan (1,2,11) but lower than that in the U.S. (9) . However, these comparisons should be interpreted with caution because of the variation among studies with regard to age ranges of study population, method of glucose measurements, year of study, and other environmental factors (1,2). The improvement in rates of detection and control of diabetes and high blood pressure observed in the year 2009 might be due in part to the national screening campaign targeted at diabetes and hypertension by the Ministry of Public Health since 2006 (12) . Another explanation could be the effect of improvement in health care accessibility since the implementation of universal health care coverage in 2002 to cover all Thai individuals who were not covered by the civil servant medical benefits and social security scheme (13, 14) . Despite the improvement, the high proportion of undiagnosed diabetes is of concern because these subjects were likely to have as poor or worse metabolic risk factors (dyslipidemia and obesity) as those diagnosed. The proportion of undiagnosed diabetes in this population was comparable with what was found in other studies (9, 10) , but proportions of diagnosis, treatment, and control of high blood pressure and hypercholesterolemia remained much lower than those of other countries (15) . There were higher undiagnosed rates of hypercholesterolemia compared with high blood pressure and diabetes, perhaps because of the low availability of laboratory tests for serum cholesterol in primary care facilities. In Thailand, a substantial proportion of patients with diabetes was followed up at the primary care units and community hospitals, which had limited resources. For example, a lipid-lowering medicine was not generally available at the primary care settings. The finding of low treated and controlled rates may suggest that more efforts are needed to manage the conditions from the health care system, care providers, and patients in terms of adherence to treatment and behavior.
Cardiovascular risk factors in those with IFG and diabetes
Men continued to suffer from higher rates of lack of diagnosis and lower rates of treatment and control of the conditions compared with women, and this suggests lower accessibility to early detection and management in men, particularly in rural areas. The disparity between the sexes has been consistently supported by a periodic national health and welfare survey conducted by the Thai National Health Statistics, reporting a lower rate of health care utilization in men than in women (16). This might be due to the fact that men had fewer health concerns compared with women or to other factors needing further investigation.
There are some limitations of the current study. First, we did not use the These findings serve as an example for other countries with similar rapid economic growth in establishing and sustaining a surveillance system for diabetes. The high prevalence of diabetes with higher proportions of obesity and dyslipidemia as well as suboptimal control of blood glucose, high blood pressure, and serum cholesterol signifies the burden imposed on the health system. Perhaps the increases in access to care and the population screening campaign could partly contribute to the improvement in detection and treatment of diabetes and its concomitants but only to a certain degree. Other determining factors concerning quality of care that require further investigation include the following: tracking systems, resource allocation, and the incentive and capacity of health care providers and patients. Allocation of screening tools and medication for diabetes and its concomitants, especially for hypercholesterolemia, should be implemented. Innovation to promote individuals with IFG and diabetes to maintain a healthy diet, physical exercise, and weight control is required. No potential conflicts of interest relevant to this article were reported. W.A. designed and managed the project and wrote the manuscript. S.C. collected data and reviewed and edited the manuscript. P.K. collected data and reviewed and edited the 
